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1 Introduction 
Glyoxalase I (EC 4 4 1 5) catalyzes the formation 
ofS-D-lactoylglutathlone from glutathlone (GSH) and 
methylglyoval [I] and correspondmg S-Z-hydroxy- 
acylglutathlone products from alternative 2-0x0- 
aldehydes and GSH It 1s generally assumed that the 
hemlmercaptal adduct, which 1s formed spontaneously 
from the 2-oxoaldehyde and GSH, 1s the true substrate 
for the enzyme However, free GSH acts as an apparent 
competltlve mhlbltor of the enzyme [2], and when 
extended ranges of reactant concentrations are mves- 
tlgated under steady-state condltlons, it has been 
shown that the kmetlcs are non-Mlchaehan and the 
mhlbltlon by GSH nonlinear [3-s] A simple explana- 
tion of the rate-behavlour was a branching reaction 
scheme mvolvmg addltlon of GSH and 2-oxoaldehyde 
as an alternative pathway to that mvolvmg addltlon 
of their adduct to the enzyme [3-51 The rate-behav- 
iour 1s qualitatively the same with methylglyoxal and 
phenylglyoxal and systematic errors which might have 
affected the kmetlcs have been excluded as an expla- 
nation of the observed kinetic patterns [6] However, 
pre-steady-state kmetlcs could not support the branch- 
mg mechamsm, even if It could not be disproved [7] 
and it 1s therefore essential to scrutmlze alternative 
explanations of the rate-behavlour 
Glyoxalase I from yeast, m contrast to the dlmerlc 
mammalian enzymes, 1s a monomeric enzyme and 
cooperative subumt interactions can therefore be 
excluded [8] However, more than one bmdmg site 
for a hgand may exist on a monomer and it was there- 
fore essential to investigate the equlhbrmm bmdmg of 
suitable hgands to glyoxalase I from yeast This study 
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shows that the bmdmg of GSH to the enzyme 1s 
undetectable or negligible under the conditions used, 
but that the competltlve mhlbltor S-@-bromobenzyl)- 
glutathlone bmds m a stolchlometry of 1 molecule/ 
enzyme molecule with a Kd similar to the K, deter- 
mmed m kinetic studies Neither GSH nor methyl- 
glyoxal had any detectable effect on the bmdmg of 
the mhlbltor 
2 Matenals and methods 
Glyoxalase I from yeast was obtamed from 
Boehrmger Mannhelm and was purified to homogeneity 
as m [8] Protein concentration was determined with 
a micro-bmret method [9] LabeledS-(g-bromobenzyl)- 
glutathlone was synthesized from [GZy-7-3H]gluta- 
throne (obtained from New England Nuclear) and 
p-bromobenzyl bromide [lo] The purity of the syn- 
thesized glutathlone derlvatlve was ascertained by use 
of paper electrophoresls The derlvatlve had spec act 
50 mCl/mol Radloactlvlty of hgands was measured m 
10 ml Aquasol (New England Nuclear) by hquld scm- 
tlllatlon counting Equlhbrmm dlalysls was made by 
use of MSE Dlanorm equipment The membranes 
(Spectropor membrane tubing, Spectropor Medlcal 
Industries, Inc , Los Angeles, CA) were pretreated as 
m [ 1 l] The 2 compartments of a dialysis cell were 
each loaded with 200 ~1 10 mM Tns/HCl (pH 7 8), 
one of them contamed the enzyme (lo-20 PM) and 
the other one contained the radloactlve hgand Equl- 
hbratlon was achieved wlthm 3 h at 22”C, after which 
time ahquots (100 ~1) from the compartments were 
counted It was shown that 3 h was sufficient to reach 
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equilibrium and that the inactivation of the enzyme 
was negligible under the conditions used. 
3. Results 
Binding studies were first made with labeled GSH, 
but no binding could be detected even at the highest 
concentrations of glyoxalase I used (20pM). [3H]GSH 
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Fig.1. Inhibition of glyoxalase I from yeast by S-b-bromo- 
benzyl)glutathione. The assay system (30°C) contained: 
10 mM Tris/HCl (pH 7.8) and various combinations of total 
methylglyoxal and glutathione concentrations to give a con- 
stant concentration (0.10 mM) of GSH and various concen- 
trations (5-200 ,uM) of hemimercaptal adduct (A). The cal- 
culations of adduct and free glutathione concentrations were 
based on an equilibrium constant of 3.0 mM (cf. [3]). The 
inhibitor S-@-bromobenzyl)glutathione was added in the 
following concentrations: zero (0); 1.0 (v); 2.0 (0); 4.0 tiM 
(A). 
was varied in the range 1.5 PM-2 mM total cont. and 
a 1 O-fold excess of dithioerythritol was included to 
keep GSH in the reduced form. Next the strong inhib- 
itor of glyoxalase 1 S-@-bromobenzyl)glutathione 
[IO] was used. Figure 1 shows that this is a competi- 
tive inhibitor versus hemimercaptal and an app. Ki = 
1.8 f 0.1 PM was determined by nonlinear regression. 
A similar experiment was performed with phenyl- 
glyoxal as the 2-oxoaldehyde. Also in this case 
S-(p-bromobenzyl)glutathione was a competitive 
inhibitor versus the hemimercaptal; the inhibition 
constant was 3.7 + 0.5 PM. It has been shown that 
S-(p-bromobenzyl)glutathione is competitive also ver- 
sus glutathione [4,5]; a finding indicating that hemi- 
mercaptal, GSH, and the inhibitor all bind to the same 
site. Figure 2 shows a Scatchard plot of the equilib- 
rium binding of S-@-bromobenzyl)glutathione 
(2.5-75 ,YM total cont.). The equilibrium (dissocia- 
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Fig.2. Equilibrium binding of S-@-bromobenzyl)glutathione 
to glyoxalase I from yeast (Scatchard plot). The measure- 
ments were made by equilibrium dialysis as described in the 
text. The binding was determined in the absence (o) as well 
as in the presence (a) of 10 mM unlabeled GSH. The number 
of ligand molecules bound per enzyme molecule, V, were cal- 
culated on the basis of a molecular weight of 32 000 for 
glyoxalase I from yeast [ 81. The data were analyzed by use of 
weighted nonlinear regression; the weighting factors were 
based on the residuals of a provisional fit (see [ 121). 
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tlon) constant was 1 5 2 0 1 PM as determined by non- 
linear regression and 3 5 PM by the non-parametric 
method m [ 131 In view of the experimental variance, 
the two esttmates of the equlhbrlum constant are not 
slgmficantly different from each other nor from the 
mhlbltlon constants determined for the steady-state 
kmetlcs (fig 1) The bmdmg at saturation of the 
enzyme was 0 9.5 * 0 03 mol S-@-bromobenzyl)glu- 
tathlone/mol glyoxalase I GSH at < 100 mM and 
methylglyoxal at < 10 mM did not affect the bmdmg 
of S-(p-bromobenzyl)glutathlone when added m the 
equlhbrmm dlalysls (cf , fig 3) Neither did a mixture 
of 3 mM GSH and 5 mM phenylglyoxal or 10 mM GSH 
and 10 mM methylglyoxal (which within a few minutes 
IS enzymatlcally transformed to the correspondmg 
S-2hydroxyacylglutath~one product) give any detect- 
able effect However. addltlon of unlabeled S-@bromo- 
benzyl)glutathlone showed that the bmdmg of labeled 
hgand was reversible and that the radloactlvlty bound 
extrapolates to ml when the concentration of the 
unlabeled hgand Increases 
4 Discussion 
The equlhbrmm bmdmg of S-(p-bromobenzyl)- 
glutathlone shows that the hgand binds m a 1 1 stol- 
chlometry to glyoxalase I from yeast with an equdlb- 
rmm constant which IS not slgmficantly different from 
the mhlbltlon constant determined for the same sub- 
stance The competltlve rate-behavlour versus GSH 
and hemlmercaptal (fig 1, [4,5]) and the similar 
values of the equlllbrlum constant for bmdmg and the 
mhlbltlon constant indicate strongly that GSH and the 
two GSH derivatives all bmd to the active site of the 
enzyme The lack of effect of GSH on the equdlbrmm 
bmdmg ofS-@-bromobenzyljglutathlone 1s m contrast 
to the marked competltlve effect of GSH on the mhlbl- 
tlon by the same compound under steady-state condo- 
tions [4,5] This finding can be explained by the 
assumption that the enzyme may occur m one form 
under equlhbrlum condltlons, which does not bmd 
GSH. and mainly as another form, which does bind 
GSH, during catalysis Kinetic models mvolvmg dlf- 
ferent lsomerlc forms of an enzyme have been con- 
sldered (see [ 141 and papers cited therem), and m the 
case of glyoxalase I such a model may explain also the 
non-Mlchaehan kinetics A reaction scheme of this 
kmd requires further detaded quantltatlve analysis m 
order to be expressed in a defimtlve form Neverthe- 
less, the results reported here show that under equl- 
hbrmm condltlons there IS only one bmdmg site on 
the enzyme for glutathlone denvatlves, and rule out 
the poseblhty that multiple bmdmg sites might 
explain the rate-behavlour of glyoxalase I from yeast 
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